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Objective Attention deficit hyperactivity disorder (ADHD) symptoms are associated with the deficit in executive functions. Playing 
Go involves many aspect of cognitive function and we hypothesized that it would be effective for children with ADHD. 

Methods Seventeen drug naive children with ADHD and seventeen age and sex matched comparison subjects were participated. Par- 
ticipants played Go under the instructors education for 2 hours/day, 5 days/week. Before and at the end of Go period, clinical symptoms, 
cognitive functions, and brain EEG were assessed with Dupauls ADHD scale (ARS), Child depression inventory (GDI), digit span, the 
Ghildrens Golor Trails Test (GGTT), and 8-channel QEEG system (LXE3208, Laxtha Inc., Daejeon, Korea). 

Results There were significant improvements of ARS total score (z=2.93, p<0.01) and inattentive score (z=2.94, p<0.01) in children 
with ADHD. However, there was no significant change in hyperactivity score (z=1.33, p=0.18). There were improvement of digit total 
score (z=2.60, p<0.01; z=2.06, p=0.03), digit forward score (z=2.21, p=0.02; z=2.02, p=0.04) in both ADHD and healthy comparisons. In 
addition, ADHD children showed decreased time of GGTT-2 (z=2.21, p=0.03). The change of theta/beta right of prefrontal cortex dur- 
ing 16 weeks was greater in children with ADHD than in healthy comparisons (F=4.45, p=0.04). The change of right theta/ beta in pre- 
frontal cortex has a positive correlation with ARS-inattention score in children with ADHD (r=0.44, p=0.03). 

Conclusion We suggest that playing Go would be effective for children with ADHD by activating hypoarousal prefrontal function 
and enhancing executive function. Psychiatry Investig 2014;11(2):143-151 
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INTRODUCTION 

ADHD and executive function 

Attention deficit hyperactivity disorder (ADHD) is a com- 
mon neurodevelopmental disorder in school-aged children, 
and has a worldwide prevalence rate of 5%.'^ ADHD is char- 
acterized by age-inappropriate inattention, hyperactivity, and 
impulsivity. These symptoms are assumed to result from dis- 
turbances in the brain region supporting executive function.'' 
Executive function is essential for cognitive development and 
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is vital to individual social and intellectual function in daily 
Ufe. Children with ADHD symptoms often show impairments 
in executive function, which has a significant impact on aca- 
demic achievement and social functioning in daily Ufe.''' One 
important neuropsychologic theory suggests that ADHD 
symptoms arise from a primary deficit in the executive fiinc- 
tions that maintain the appropriate problem solving set for 
the attainment of later goals.' Executive functions of perceptu- 
al cognition in relation to time and space, self-regulation, prob- 
lem solving, logical and flexible thinking, and reconstitution 
of behavior have been suggested to be important in ADHD.''* 
Previous studies have also demonstrated that executive func- 
tion can be enhanced by training intervention in children 
and adolescents with ADHD.' '" 

ADHD treatment and adverse effects 

Pharmacological treatment and behavioral interventions 
have been regarded as the standard treatment for ADHD." 
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Stimulant medications are recommended as the first-line tr- 
eatment for ADHD and can produce improvements in cUni- 
cal and behavioral symptoms.'^ " However, non-pharmaco- 
logical behavior modification treatments are also recommend- 
ed for improving behavioral inhibition deficits and executive 
dysfunction in ADHD.'"^ For example, neurofeedback therapy, 
multimodal psychosocial treatment, school-based programs, 
working memory training, parent training, and self-moni- 
toring have been introduced and applied as alternative treat- 
ments. EEG biofeedback, meditation, channel specific 
perceptual training, and vestibular stimulation have been ap- 
plied for ADHD as alternative treatment with a promising 
prospective evidence.^" EMG biofeedback and cerebellar 
training demonstrated more evidences of treatment effective- 
ness.^" However, there is still a need for development of further 
adjuvant methods to improve ADHD symptoms and quality 
of daily life in children with ADHD. 

Board games and executive function 

Recent studies have demonstrated that board games involve 
many aspect of cognitive fimction. Several neuroimaging stud- 
ies have revealed that the playing of board games such as Go 
or chess is related to executive function and problem solving 
skills.^'"^^ Chen et aL (2003) investigated the neural basis of Go 
using fianctional magnetic resonance imaging and observed 
enhanced activations in cortical areas of the dorsal prefrontal, 
parietal, occipital, posterior temporal, and primary somato- 
sensory and motor areas. Quantitative analysis indicated a 
modest degree of stronger activation in the right parietal area 
than in the left, which are regions associated with executive 
function. Tachibana et al.^' investigated the efficacy of a Go 
intervention program for elementary school children. 

The game of Go is a traditional board game for two players 
that originated in ancient China more than 2,500 years ago. 
The object of Go is to enclose a lager total area of the board 
than your opponent. The rules are simple, each player places 
black or white pieces alternately on the intersections of 19 by 
19 crossed lines. The pieces may not be moved once placed on 
the board, although a player can capture and remove the op- 
ponent's pieces. Players must create at least two "eyes" in a 
group of stones to make them aUve. If two eyes are present, the 
opponent can never capture a group of pieces."'''^^ The key fac- 
tor in playing Go is spatial positioning. 

Playing Go requires several cognitive process steps related 
to executive function: attention, visuospatial perception, work- 
ing memory, and decision making.^*" Playing Go provides good 
opportunities to develop cognitive skills because of the many 
creative strategies available within a set of well-defined, simple 
mles.^'' This game is noted for its rich strategy in spite of its 
simple rules. It was reported that long-term Go training ap- 



pears to cause structural brain changes associated with high- 
er-order cognitive capacities of learning, abstract reasoning, 
and self-control.^' Lee et al.^' conducted voxel-based analyses 
of diffiision-tensor imaging data and found that, compared 
to inexperienced controls, long-term trained Go players sh- 
owed larger regions of white matter with increased fractional 
anisotropy values in the frontal, cingulum, and striato -thalamic 
areas, which are related to attentional control, working mem- 
ory, executive regulation, and problem- solving. Additionally, 
the finding that fractional anisotropy is increased in the infe- 
rior temporal regions of expert Go players indicates that these 
players tend to develop a task specific template and right side 
dominance, suggesting that the tasks involved are mainly spa- 
tial processes.^' Long term Go training may cause structural br- 
ain changes associated with many cognitive properties, and 
such changes might be helpful for improving higher-order 
cognitive capacities such as learning, abstract reasoning, and 
self-control, which can facilitate education and cognitive ther- 
apies.^''"^'* 

Executive function and EEG changes 
in the prefrontal lobe 

In a review of quantitative electroencephalography (QEEG) 
in children with ADHD, elevated theta power, reduced rela- 
tive alpha and beta power and increased theta/beta ratio have 
been suggested as a marker of inattention and executive prob- 
lems in ADHD.^"' QEEG can serve as a valid neurometric tool 
in the diagnosis of ADHD,'^ and changes in QEEG can now 
be used to evaluate changes in ADHD symptoms correlated 
with brain activity. Children with ADHD have been shown to 
have an altered pattern of QEEG activity compared with chil- 
dren without ADHD, especially during attention-loaded tasks, 
showing increased slow cortical activity mainly over in the 
frontal areas and decreased fast cortical activity.^' In addition, 
several stimulants and atomoxetine have been shown to ch- 
ange the EEG patterns in the frontal lobes of children with 
ADHD."'' 

We investigated the effectiveness of playing Go as a com- 
plementary therapy for improving executive function, includ- 
ing inattention, hyperactivity, and impulsivity, in children with 
ADHD. We hypothesized that 16 weeks of Go training would 
change the clinical symptoms of ADHD, cognitive functions 
and the EEG pattern within prefrontal cortex in patients with 
ADHD. In details, ARS score and the time of ChUdreris Color 
Trails Test (CCTT) would be decreased, the total score of dig- 
it span would be increased. In addition, theta/beta ratio with- 
in prefrontal cortex would be greatly decreased in ADHD 
group, compared to healthy control subjects. 
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METHODS 
Subjects 

We enrolled the participants by advertising at elementary 
schools in Andong. After obtaining informed consent from 
the children and their parents in accordance with Institution- 
al Review Board guidelines, 42 participants were enrolled in 
this study. Two students with previous experience learning Go, 
one student with a tic disorder, and five students who dropped 
out prior to the start of the study were excluded. Seventeen 
drug-naive children with ADHD were aged 7 to 12 years and 
seventeen age- and sex- matched comparison subjects with- 
out ADHD were recruited. These participants had no experi- 
ence of other treatment for ADHD including behavioral ther- 
apy and psychosocial treatment. All children were screened 
with the Korean Kiddie Schedule for Affective Disorders and 
Schizophrenia-Present and Lifetime Version (K-SADS-PL) 
by psychiatrist and assessed with the ADHD Rating Scale 
(ARS).^^ The ARS was performed by the parents of each 
child. There were no differences in the Child Depression In- 
ventory scores between the ADHD and control groups (t= 
0.02,p=0.98) (Table 1). 

The inclusion criteria were as follows: 1) participants had 
no experience playing Go before the current study, 2) chil- 
dren in the ADHD group were diagnosed by a psychiatrist ac- 
cording to the Diagnostic and Statistical Manual of Mental 
disorder IV-TR criteria (DSM-IV-TR),''-'° 3) children were 
able to attend all two hour/day, 5 days/week Go lessons dur- 
ing the 16-week study period. The exclusion criteria were as 
follows: 1) children who were being treated with stimulants, 
atomoxetine, neuroleptic, or any other psychoactive drugs or 
2) children with organic brain disease, seizure disorder, men- 
Table 1 . Comparison of demograpfiic data and clinical cfiaracteristics 



ADHD (meaniSD) 


Age 


10.1±1.5 


Sex (M : F) 


15:2 


Education (year) 


4.0±1.6 


ARS total 


23.1 ±6.6 


Inattention 


13.2±3.6 


Hyperactivity 


9.8±4.1 


GDI 


10.4±8.4 


Digit total 


13.1±2.6 


Digit forward 


8.5±2.0 


Digit backward 


4.6±1.0 


CCTTl (sec) 


94.0±14.3 


CCTT2 (sec) 


107.6±11.4 



tal retardation (IQ<70), severe illness or disorder, or other 
Axis I psychiatric diseases except ADHD, 3) those with any 
motor or perceptual handicap that would prevent them from 
playing Go. 

Procedures 

During the 16 weeks, both ADHD children without medi- 
cation and children of control group were asked to learn and 
play Go for two hours/day with an instructor of the game of 
Go. Before and at the end of 16 weeks of playing Go, clinical 
symptoms, cognitive functions, and brain QEEG were as- 
sessed using ARS, GDI, the digit span forward/backward task, 
the CCTT, and 8-channel QEEG system (LXE3208, Laxtha 
Inc., Daejeon, Korea). 

The children in the ADHD group had never taken medi- 
cation for ADHD including stimulants, and had no other treat- 
ments for ADHD. The Go training curriculum was designed 
for beginners aged 7 to 12 and progressed for 16 weeks. Par- 
ticipants played Go under the instructor's education for 2 
hours a day during weekday, Monday to Friday. Go training 
with the same protocol had been provided in two elementary 
schools and a public library in Andong, Republic of Korea as an 
after-school activity and the training curriculum was same. 

Measures 

Recording and analysis of quantitative electroencephalog- 
raphy 

Electroencephalographic activity was recorded by QEEG- 
8 (LXE3208, Laxtha Inc., Daejeon, Korea). The electrodes 
were placed on Fpl, Fp2, F3, F4, T3, T4, P3, P4 according to 
the International 10-20 System,^' with two additional elec- 



Controls (mean±SD) 


Statistics 


10.2±1.6 


t=0.18,p=0.85 


14:3 


X'=0.23, p=0.63 


4.2±1.6 


t=0.44, p=0.65 


6.9±5.1 


t=477, p<0.01* 


4.7±3.8 


t=432,p<0.01* 


2.2±2.3 


t=439, p<0.01* 


9.8±6.4 


t=0.02, p=0.98 


17.5±47 


2.50, 0.01* 


11.5±2.9 


2.53, 0.01* 


6.1±2.5 


1.65, 0.09 


88.3±143 


0.18, 0.85 


95.4±14.5 


2.04, 0.04* 



*p<0.05. GDI: Child Depression Inventory, CCTTl/2: Childrens Color Trails Test 1/2, ADHD: attention-deficit hyperactivity disorder, ARS: 
ADHD Rating Scale 
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trodes placed on the inter-connected ear lobe to serve as the 
reference (A2) and ground (Al). The QEEG was recorded 
with a resolution of 12 bits, a low frequency filter of 0.5, a high 
frequency filter of 46 Hz, and at a sampling frequency of 256 
Hz. Impedance was maintained below 5 kCl. 

All recordings were performed by the same EEG technician. 
Electroencephalographic activity was recorded with open eyes 
and during cognitive tasks for 5 minutes, during which partic- 
ipants were asked to judge whether or not pairs of figures were 
identical. If the pair of figures was identical, participants were 
asked to press the left arrow key on a computer keyboard, and 
if the pair of figures was not identical, participants were asked 
to press the right arrow key. The figures were modified from 
Ravens Progressive Matrices,''^ which is often used as a non- 
verbal test in educational settings for groups ranging from 5 
year olds to people who are elderly. In each test item, the sub- 
ject is asked to identify the missing element that completes a 
pattern. This format is designed to measure reasoning ability 
or components of general intelligence. 

Artifact-free 300-second periods were recorded and ana- 
lyzed. Epochs of movement-related artifacts were excluded 
from the analyses by direct visual inspection of the raw data. 
The results were presented as absolute spectral power values 
(|iV2) for individual segments of EEG spectrum theta (4-8 
Hz), alpha (8-13 Hz), low beta (12-15 Hz), mid beta (15-20 
Hz), and high beta (20-30 Hz). The average power spectrum 
of the EEG frequencies was calculated by the fast Fourier 
transform (FFT), a mathematical process that can be used to 
identify the various frequency bands (delta, theta, alpha and 
beta) on a QEEG. A Complexity 2.0 (Laxtha, Inc., Daejeon, 
Korea) EEG analyzing system was used for the analysis of 
electroencephalographic activity data. 

Digit span forward/backwards test 

The digit span task in the Wechsler Intelligence Scale for 
Children requires holding phonological units in the form of 
digits in short-term memory"" The examiner reads aloud a se- 
quence of numbers initially three digits in length and contin- 
ues to nine digits numbers, and the participants are asked to 
repeat each sequence in the forward order and then in the re- 
verse order The digit span forward test determines verbal 
working memory and the digit span backwards test measures 
complex attention and working memory. Participants' scores 
were compared to age-matched normative data. Digit span in- 
ternal consistency (Cronbachs alpha=0.90) and test-retest reli- 
ability (r=0.83, p<0.05) were both high.*"" 

Children's Color Trails Test 1, 2 

The CCTT was developed and standardized based on the 
Trail-Making Test as a Korean version for children.'"' The Trail 



making test, an indicator of the speed of cognitive processing 
and executive functioning, is the most widely used instrument 
in neuropsychological assessment. The CCTT consists of two 
parts: CCTT-1 and CCTT-2. All data are presented as T-scores 
and are adjusted for age and sex. Higher T-scores indicate bet- 
ter performance on the test. The total time to finish the CCTT- 
1, CCTT-2 and the difference interference indices have been 
previously shown to difier significantly between normal chil- 
dren and children with untreated ADHD"" CCTT-2 reflects 
primarily working memory, secondary task switching and 
reflects cognitive flexibility and cognitive persistence.''* '" 

DuPaul's ADHD Rating Scales 

The severity of ADHD symptoms was assessed with the 
Korean version of the parent and teacher version of DuPaul's 
ADHD Rating Scale (ARS), which is outlined in the Diagnos- 
tic and Statistical Manual of Mental disorders.™ The Korean 
version of ARS has shown internal consistency (Cronbachs 
alpha=0.77-0.89) and has been reported to be highly valid and 
reliable.^' The ARS consists 18 items outlined in the Diagnos- 
tic and Statistical Manual of Mental Disorders, Fourth Edition 
criteria for diagnosing ADHD, nine of which are inattention 
(odd numbered) items and nine (even numbered) of which 
are hyperactive/impulsivity items. Each of the items has a 
4- point scale scoring from 0 to 3 points (never or rarely, some- 
times, often and very often). The ARS provides a total score, 
an inattention subscore, and a hyperactive/impulsive subscore. 
A higher score indicates a greater severity of ADHD. In this 
study, the ARS was performed by the parents of each child. 

Kiddie-Schedule for Affective Disorders and Schizophrenia- 
Present and Lifetime version-Korean version 

The K-SADS-PL is an effective instrument for diagnosing 
major child psychiatric disorders. The validity and reliability 
of the Korean version was verified previously.^* 

Statistical analysis 

The differences in demographic characteristics, ADHD 
symptoms, cognitive function, and QEEG between ADHD 
group and control group were assessed using the Mann- Whit- 
ney U Test. Differences in the changes in ARS total, inatten- 
tion, hyperactivity and impulsivity, digit span forward/back- 
ward, CCTT-2, and QEEG profiles during the 16 week Go 
training period were analyzed by repeated measures ANOVA. 
For correction of multiple comparisons, p values were set as 
less than 0.05/10 for EEG analysis. The effect size (f ) is 0.37 
with 0.8 power (l-(3). All analyses were performed using 
SPSS (version 11.0, IBM). 
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Figure 1. Ciianges in ARS score for the ADHD group compared with the control group. A: ARS-total score. B: ARS-inattention score. C: 
ARS-hyperactivity/impulsivity score. ARS: DuPaul's ADHD Rating Scale, ADHD: attention deficit hyperactivity disorder, B: baseline, F: fol- 
low up. 
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Figure 2. Comparisons of changes in 
the QEEG profile in the prefrontal cortex 
between the ADHD and control groups. 
A: Relative alpha left (Fp1) (F=2.16, p= 
0.15). B: Relative alpha right (Fp2) (F= 

2.44, p=0.13). C: Relative high-beta left 
(Fp1) (F=0.04, p=0.85). D: Relative high- 
beta right (Fp2) (F=0.54, p=0.47). E: Th- 
eta/alpha left (Fp1) {F=1.37, p=0.25). F: 
Theta/alpha right {Fp2) (F=1.38, p= 
0.24). G: Theta/beta left {Fp1) {F=3.86, 
p=0.06). H: Theta/beta right {Fp2) (F= 

4.45, p=0.04). ADHD: attention deficit hy- 
peractivity disorder, QEEG: quantitative 
electroencephalography, B: baseline, F: 
follow up. 
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RESULTS 

ADHD symptoms 

During 16 weeks of learning Go, There were significant dif- 
ference in the changes of ARS total score (F=23.1, p<0.01) and 
inattentive subscores of ARS (F=19.4, p<0.01) between ADHD 
group and healthy control group. In the ADHD group, the 
ARS total score (z=2.93, p<0.01) and the inattentive subscore 
of ARS (z=2.94, p<0.01) decreased over the 16- week Go train- 
ing period (Figure 1). However, the hyperactivity subscore of 
ARS (z=1.33, p=0.18) did not change. In the control group, 
there were no changes in the ARS total score (z=1.03, p=0.30), 
inattentive scores (z=0.27, p=0.79), or hyperactivity scores 
(z=l.ll, p=0.27) during the Go training period. 

Quantitative electroencephalography in prefrontal 
cortex 

At baseline, relative high-beta right (Fp2), relative theta 
right (Fp2), theta/alpha left (Fpl), theta/alpha right (Fp2), the- 
ta/beta left (Fpl), and theta/beta right (Fp2) were higher in 
the ADHD group than in the control group. After 16 weeks of 
learning Go, the comparison subjects showed increased rela- 
tive high-beta right (Fp2) (z=2.42, p=0.02), decreased relative 
theta left (Fpl) (z=2.43, p=0.02), relative theta right (Fp2) 
(z=2.42, p=0.02), theta/alpha left (Fpl) (z=3.88, p<0.01), the- 
ta/alpha right (Fp2) (z=3.88, p<0.01), theta/beta left (Fpl) 
(z=3.88, p<0.01), and theta/beta right (Fp2) (z=3.88, p<0.01), 
while children with ADHD showed decreased theta/alpha 
left (Fpl) (z=3.32, p<0.01), theta/alpha right (Fp2) (z=3.32, 
p<0.01), theta/beta left (Fpl) (z=3.32, p<0.01), and theta/beta 
right (Fp2) (z=3.33, p<0.01) (Figure 2). During 16 weeks of 
learning Go, the change in theta/beta right (Fp2) in children 
with ADHD was greater than that in children of comparisons 



(F=4.45, p=0.04) (Table 2). There were no significant differ- 
ent changes in other leads. 

Executive function 

After the 16-week Go training period, the digit span total 
score (z=2.60, p<0.01) and digit span forward score (z=2.21, 
p=0.02) had increased in the ADHD group (Figure 3). The 
digit span backward score (z=1.80, p=0.07) also increased, 
but the increase was not statistically significant (Figure 3). 
The control group also showed improved digit span total 
scores (z=2.06, p=0.03) and digit span forward scores (z=2.02, 
p=0.04). 

ADHD children showed a decrease in CCTT-2 time (z=2.21, 
p=0.03) after the 16-week Go training period. However, there 
was no significant change in the comparison group. There 
were no significant statistical differences in digit total scores 
(F=3.22, p=0.08), digit forward scores (F=2.08, p=0.16), or 
digit backward scores (F=1.39, p=0.25) CCTT-2 (F=2.53, p= 
0.12) between the two groups (Table 3). 

Correlations between ARS score, cognitive symptoms, 
and EEG 

The change in right theta/beta (Fp2) had a positive corre- 
lation with ARS-inattention scores and a negative correlation 
with digit span forward scores (r=-0.65, p=0.01) in children 
witii ADHD (r=0.44, p=0.03). 

DISCUSSION 

Our current results suggested that playing Go may im- 
prove attention symptoms, executive function, and EEG ch- 
anges in the prefrontal cortex in children with ADHD. In ad- 
dition, changes in attention and executive function are as- 



Table 2. QEEG data of prefrontal cortex in the ADHD and control groups 




ADHD (meaniSD) 


Controls (mean±SD) 


Statistics (z, p) 


Relative alpha left (Fpl) 


0.12±0.06 


0.11 ±0.03 


0.61,0.54 


Relative alpha right (Fp2) 


0.11 ±0.04 


0.10±0.03 


0.21, 0.82 


Relative mid-beta left (Fpl) 


0.04±0.02 


0.05±0.01 


1.77, 0.07 


Relative mid-beta right (Fp2) 


0.04±0.04 


0.05±0.02 


1.73, 0.08 


Relative high-beta left (Fpl) 


0.08 ±0.07 


0.13±0.09 


1.61,0.11 


Relative high-beta right (Fp2) 


0.07±0.04 


0.14±0.09 


2.64, <0.005* 


Relative theta left (Fpl) 


7955.91 ±2733.56 


328.05±181.31 


2.08, 0.03 


Relative theta right (Fp2) 


6447.94±2179.66 


296.98±177.29 


2.67, <0.005* 


Theta/alpha left (Fpl) 


106.41±358.19 


4.93±1.29 


3.18, <0.005* 


Theta/alpha right (Fp2) 


122.59±414.71 


4.87±1.19 


3.18, <0.005* 


Theta/beta left (Fpl) 


15.42±24.89 


3.51±2.97 


2.64, <0.005* 


Theta/beta right (Fp2) 


16.39±26.48 


2.87±2.77 


3.09, <0.005* 



*p<0.05. ADHD: attention deficit hyperactivity disorder, QEEG: quantitative electroencephalography 
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Figure 3. Comparisons of ctianges in 
executive function between the ADHD 
and control groups. Repeated measure 
ANOVA. A: Digit span total score (Dig-T) 
[Baseline {B)/Follow up (F)] (F=3.22, 
p=0.08). B: Digit span forward score (Dig- 
F) (F=2.08, p=0.16). C: Digit span back- 
ward score (Dig-B) (F=1.39, p=0.25). D: 
Children's Color Trails Test (CCTT) 2 (F= 
2.53, p=0.12). ADHD: attention deficit hy- 
peractivity disorder, ANOVA: analysis of 
variance. 



Table 3. Comparison of the changes in digit span and CCTT between the ADHD and control groups 



ADHD (meaniSD) 



Controls (mean±SD) 



Statistics (z, p) 



Digit span-forward 


9.7±0.7 


10.5±2.8 


0.48, 0.62 


Digit span-backward 


5.8±0.8 


5.0±0.0 


0.61, 0.54 


Digit span-total 


15.5±5.3 


15.4±5.4 


0.02, 0.98 


CCTT-1 


109.7±9.7 


99.4±9.47 


2.19, 0.03 


CCTT-2 


105.5±5.5 


97.1 ±7. 15 


2.19. 0.03 



CCTT: ChUdrens Color Trails Test, ADHD: attention-deficit hyperactivity disorder 
sociated with changes in EEG of the prefrontal cortex. 



Go improved attention symptoms 

We suggest that playing Go is effective for improving inat- 
tention in ADHD children. Previous studies have supported 
the suggestion that Go is effective for inattention. In a brain 
study of a Go player, a high degree of frontal lobe activation, 
and more specifically, the lateral prefrontal cortex, was observ- 
ed. The activation of this area is associated with attention and 
spatial perception."'^ The findings reported by Klingberg et 
al."" provided preliminary evidence that visuospatial working 
memory training has therapeutic effects on ADHD symptoms, 
including inattention. 

Go improved executive functions 

The symptom of ADHD sigruficantly correlated with exec- 
utive functioning such as verbal and spatial working memory, 
attention shifting, sustained attention, cognitive inhibition, 
and visuospatial planning."''^' The results of lower executive 
function in the ADHD group as compared with the control 
group as assessed with the digit span forward and the Chil- 
dren's Color Trails Test are in line with what previous studies 



have shown. ADHD is associated with significant weaknesses 
in several executive function domains, such as response inhi- 
bition, vigilance, working memory and planning.* Barkely et 
al. (1997) suggested that ADHD symptoms arise from a pri- 
mary deficit in executive functions, which are associated with 
the maintenance of a problem solving set appropriate for at- 
tainment of later goals. 

After practicing Go for 16 weeks, notable improvements in 
executive function were observed in the ADHD group. The 
digit span forward results imply a positive effect on verbal 
working memory. The results of CCTT indicated improved 
visuoperceptual abilities (CCTTl) and cognitive flexibility and 
cogrutive persistence (CCTT2),*^ supporting the possible 
therapeutic effects of playing Go with ADHD children. Adap- 
tive training of working memory (WM) has recently been 
shown efficacy as an alternative treatment for ADHD.' It was 
demonstrated that computerized training of working memo- 
ry improved response inhibition and reasoning and resulted 
in a reduction in parent-rated inattentive symptoms in chil- 
dren with ADHD.'" 
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The change of EEG in prefrontal cortex 

The theta/beta ratio (Fpl, Fp2) was higher in the ADHD 
group than in the control group, which is consistent with other 
studies of QEEG and ADHD.'""" Various QEEG studies assess- 
ing different parameters have been carried out in children with 
ADHD, and the results have suggested a role for QEEG in 
evaluating symptom severity and distinguishing ADHD diag- 
nostics.^^ In previous studies comparing children with ADHD 
and children without ADHD, an increase in the delta and the- 
ta powers,^' increase in theta and decrease in beta^* and in- 
crease in theta and decrease in alpha and beta^' have been ob- 
served, which are characterized as a QEEG profile of ADHD. 

Previous studies have shown increased theta activity and 
decreased beta activity in the prefrontal cortex of children with 
ADHD during cognitive tasks, indicating hypoarousal in the 
prefrontal cortex of children with ADHD related to a delay in 
maturation of cortical function.'^ El-Sayed et al. demonstrat- 
ed that an increase in the theta/beta ratio is a common trait in 
ADHD. After 16 weeks of learning and playing Go, the change 
in the theta/beta right in children with ADHD was greater 
than that in control group (F=4.45, p=0.04). Having more 
QEEG profile changes in right than the left prefrontal cortex 
was consistent with results of a previous study that suggested 
the presence of stronger activation in the right hemisphere 
than in left while playing Go.^*" We suggest that Go training 
would be effective for ADHD children by activating hypo- 
arousal of the prefrontal functions. 

Changes in attention and executive function were associat- 
ed with changes in the EEG of the prefrontal cortex. This result 
was consistent with previous studies showing the role of the 
prefrontal cortex in coordinating, controlling, and executing 
cognitive processes, allowing for the regulation of attention, 
impulses, and decision making.^*-'' 

The current study had several limitations. First, the number 
of subjects was not large enough to generalize the effects of 
playing Go on children with ADHD. Future studies of a larger 
number of children will need to be done to conclusively inves- 
tigate the effects of playing Go. Second, the EEG assessment 
was focused only on the prefrontal cortex. 

To the best of our knowledge, this is the first study investi- 
gating the therapeutic effects of playing Go on enhancing 
cognitive functions in children with ADHD. We suggest that 
playing Go may be an alternative and complementary thera- 
peutic method and that a modified intervention program for 
inattention and executive deficit based on the theory of play- 
ing Go could be developed. 
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